Abstract: Chondral lesions of the knee can affect the young, active population, thereby causing severe morbidity and a large economic burden. Although numerous approaches have been described in the literature, restoration of hyaline cartilage has yet to be shown. Specifically, larger, full-thickness cartilage defects remain a challenge. This Technical Note details our technique for biologic unicompartmental osteochondral allograft transplantation for the treatment of large femoral condyle articular cartilage defects.
L
arge chondral defects constitute a challenging disease, particularly in young, high-demand patients. Because of the avascular nature of articular cartilage, its potential for self-healing is limited and it possesses an increased propensity to progress to osteoarthritis. [1] [2] [3] Based on its depth, a chondral defect can be classified as: (1) partial thickness, when confined to articular cartilage, or (2) osteochondral, or full thickness, when the defect is deep enough to affect the subchondral bone. Although no repair takes place for chondral defects, osteochondral defects, on account of the subchondral blood supply, are more amenable to attempted repair through fibrocartilage deposition. 4 Among the numerous surgical options for cartilage repair, abrasion arthroplasty, subchondral drilling, and microfracture all focus on the principle of marrow stimulation to promote healing. However, marrow stimulation procedures create a hyaline-like fibrocartilage that is physiologically and mechanically inferior to hyaline cartilage. 5 Moreover, they are not recommended for the treatment of large osteoarticular lesions. 2, 6 Although autogenous osteochondral transfer can be used to repair cartilage defects, it is best suited for defects measuring less than 2.5 cm 2 due to donor site size limitations and morbidity. 7 Osteochondral allograft transplantation can be used to repair large, solitary defects through the use of fully mature articular cartilage during a single operation, while avoiding donor site morbidity. 3 This Technical Note details our technique for biologic unicompartmental osteochondral allograft transplantation for the treatment of large femoral condyle articular cartilage defects.
Indications and Contraindications for Surgery
The main indication for unicompartmental osteochondral allograft transplantation is the presence of a symptomatic full-thickness articular cartilage defect of more than 3 cm 2 . Contraindications include an ipsilateral tibial cartilage lesion, ligamentous instability, malalignment, more than minor peripheral osteophytes, joint-space narrowing, or the absence of >50% of the meniscus in the affected compartment. Patients whose weight-bearing axis passes medial or lateral to the tibial eminences within the affected compartment should undergo a concurrent tibial osteotomy to realign the mechanical axis. Patients with >50% loss of the meniscus in the ipsilateral compartment should undergo a concurrent meniscal transplantation. Indications and contraindications are summarized in Table 1 .
Surgical Technique Patient Positioning and Anesthesia
The patient is placed in the supine position on the operating table and general anesthesia is used for induction. A well-padded high-thigh tourniquet is subsequently placed on the operative leg and then a bump is placed under the knee so that it rests at approximately 30 of flexion. The contralateral leg is secured to the table in full extension with a pneumatic compression device to help prevent deep vein thrombosis. Pearls and pitfalls of this procedure are outlined in Table 2 .
Objective Diagnosis
Preoperative evaluation should start with a thorough history and physical examination. Diagnostic imaging should consist of long-leg standing radiographs to assess mechanical alignment, as an osteotomy may be recommended in addition to the osteochondral allograft. Magnetic resonance imaging of the knee allows confirmation of the size and extent of the chondral lesion, as well as any concomitant ligamentous, meniscal, or other soft tissue injuries.
Operative Technique
General endotracheal anesthesia may be combined with regional nerve blocks to maximize postoperative pain control. Perioperative antibiotic prophylaxis is administered intravenously before incision. A parapatellar approach (medial or lateral) is used to access the chondral lesion (Video 1). In this case, a medial parapatellar approach is employed with careful attention to avoid injury to the anterior horn of the medial meniscus. Z-retractors are placed medially and laterally to maximize exposure (Fig 1) .
Next, the BioUni sizers are used to identify the most appropriate coverage of the lesion. While holding the selected sizer in position, an indelible marker is used to outline the sizer. In this case example, a large sizer (20 mm) is used. Care should be taken to ensure adequate native osteochondral shoulders both medially and laterally for secure graft fixation. The selected sizer used to establish the recipient defect site is then placed over the allograft condyle until the appropriate donor site has been identified. The sizer should be outlined with indelible ink while denoting the superior and inferior aspects of the donor graft. The condyle is mounted in the workstation with 2.8-mm guide pins (Fig 2A) .
Place the oblong cutter inserter into the oblong cutter and position it over the allograft until it aligns with the previously demarcated harvest site. Drill a 2.8-mm guide pin through the guide pin hole and advance it fully through the allograft. Screw the impactor handle onto the oblong cutter. Use a mallet to drive the oblong cutter into the graft until the third laser line is flush with the surrounding cartilage (Fig 2B) . Insert the distractor tool into the driver handle and insert it into the oblong cutter. Remove the 2.8-mm pin and advance the distractor to remove the oblong cutter. Assemble the saw depth guide over the sagittal saw guide and screw on the impactor handle. Place the assembly into the previously made cut and impact into place. Using a sagittal saw, advance the blade through the sagittal saw guide until it advances through the condyle to create the base of the graft. Remove the impactor handle and sagittal saw attachments. The donor graft will be contained within the sagittal saw depth guide. Insert the distraction tool to slowly extract the allograft implant (Fig 3A) . Ensure that the marks denoting the superior and inferior aspects of the graft are visible and remark if necessary. Insert the implant into the appropriately sized donor trial to confirm sizing (Fig 3B) . Thereafter, pulse lavage the graft to remove antigenic elements.
Moving back to the chondral defect, place the sizer over the previously outlined recipient site while ensuring that the sizer is flush on all sides and covers the defect. Place two 4-mm drill pins into the drill holes (Fig 4A) . Remove the sizer while leaving the drill pins in place (Fig 4B) . Place the scoring device over the drill pins and impact it to create a cut in the cartilage approximately 2 to 3 mm deep. Place the appropriately sized drill depth guide over the bottom drill pin and advance it down to the cartilage. Place the appropriately sized reamer over the top drill pin and advance the reamer until it stops on the depth guide (Fig 5) . Create a second circle by repeating this process with the opposite drill pins.
Advance the box cutter over the drill pins until the tabs on the box cutter are abutting the cancellous bone and will no longer advance. Remove the drill pins and remove any remaining cartilage and bone with a combination of curettes and rongeurs (Fig 6) . Use a dilator to dilate the recipient site and confirm the fit. If the trial is proud, attach the reamer to a Jacob's chuck and ream by hand, taking care not to resect the cancellous bone too much. If the trial is recessed, autologous bone chips or demineralized bone matrix can be used to make minor adjustments. The recipient site may be microfractured with a 2.0-mm guide pin to prepare for graft implantation (Fig 7) .
Place the graft into the recipient site by hand (Fig 8A) . Gently impact the graft into place using a tamp and mallet (Fig 8B) . Perform any additional procedures as indicated. Thoroughly irrigate the wound before closing the wound in a layered fashion.
Postoperative Rehabilitation
The patient should remain non-weight-bearing for the first 8 weeks. A supervised rehabilitation program should start immediately postoperatively. Quadriceps   Fig 5. The corresponding drill depth guide is then placed over the bottom drill pin and advanced until it reaches the cartilage base of the right knee. After this, the appropriately sized reamer is drilled over the top drill pin and advanced until it stops at the depth guide (black arrow).
Fig 6.
Once the drill pins as well as any remaining cartilage and bone is removed with a combination of curettes and rongeurs, the recipient site of the right knee is nearly ready for allograft implantation (black arrows).
Fig 7.
Once the recipient site is free of drill pins as well as any excess cartilage and bone, the site of the right knee may be microfractured with a 2.0-mm guide pin (black arrows) as the final step of preparation before graft implantation.
exercises and straight leg raises with the patient wearing a knee immobilizer should be performed 4 times daily. For the first 8 weeks, patients should use a continuous passive-motion machine at a minimum time interval of 2 hours, for a minimum of 10 hours per day. Low-impact activities are recommended for the first 12 months to allow complete healing and incorporation of the graft. All patients are advised to perform low-impact activities and to avoid high-impact activities as much as possible after this time period.
Discussion
This Technical Note details our biologic unicompartmental osteochondral allograft transplantation for the treatment of large articular cartilage defects of the femoral condyles. Early histologic analysis of osteochondral allograft transfers (OATs) has revealed high survivorship of the transferred hyaline cartilage. 8 Clinical studies have shown OATs to produce a subjective improvement in pain in 74% to 85% of patients at mid-term follow-up. 9, 10 Furthermore, a recent long-term follow-up study reported an osteochondral allograft survival rate of 85% at 10 years, with 74% survivorship at 15 years. 9 Levy et al. 10 evaluated the durability of OATs to the femoral condyles at 15-year follow-up and reported a survivorship of 82%. These encouraging graft survivorship numbers have been strengthened by outcomes studies. LaPrade et al. 11 followed 23 patients for 3 years and showed improvements in Cincinnati Knee Scores and International Knee Documentation Committee scores from 52 to 68 (P < .03) after transplantation. In addition, the authors reported graft incorporation in 22 of their 23 patients (96%). McCulloch et al. 12 also reported significant improvement in all subjective outcome scores in 88% (22 patients) of their patients. Given that younger patients with large chondral defects are indicated for OAT, return to activity or sport is an important consideration.
Krych et al. 13 reported rates of return to sport in 43 competitive athletes after allograft transfer with a mean 7.25 cm 2 defect size. The authors reported that 79% of athletes could return to their preinjury level of sport and 88% of patients achieved a limited return to sport. Factors that were negatively correlated with return to sport were symptoms for more than 12 months and patients older than 25 years.
The treatment of osteochondral defects of the knee with allograft transfer offers several advantages over other surgical options. Because the allografts are acellular, they are immunologically inert, and are unlikely to be rejected by the native tissue.
14 Furthermore, because allografts contain hyaline cartilage, they can be used to treat large defect without the donor site morbidity associated with autograft harvest. 15 Although early laboratory and clinical studies have yielded promising results, additional long-term followup studies of OAT are needed. We recommend our described transplant technique, using the BioUni osteochondral allograft, for the treatment of osteochondral defects and encourage further studies to assess outcomes following our surgical technique.
